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ABSTRACT 
The age and s i z e  composition of the  1980-81 and 1981-82 
he r r ing  ca tch  i n  Tomales and San Francisco Bays have re- 
mained r e l a t i v e l y  s t a b l e  over t he  pas t  two seasons. The 
Tomales Bay g i l l  net  ca t ch  was dominated by 5-, 6-, and 7- 
yr-old h e t r i n g  which combined fo r  an average of 76% o f  
the  ca tch  each season. The San Francisco Bay g i l l  n e t  
ca tch  w a s  dominated by 5- and 6-yr-old h e r r i n g  which 
combined f o r  an average of 62% of the ca tch  over t he  p a s t  
two seasons. The average s i z e  of he r r ing  i n  the  g i l l  ne t  
ca tch  dec l ined  i n  San Franc isco  Bay due t o  .smaller mesh 
n e t s  employed by fishermen l a t e  i n  the  season when l a r g e  
he r r ing  a r e  l e s s  abundant. 
1/ Marine Resources, Adminis t ra t ive  Report 82-10. - 
2/ Marine Resources Region, Marine Resources Laboratory,  2201 Garden Road, 
-
Monterey, Ca l i fo rn i a  93940. 
INTRODUCTION 
The Department began monitoring the  age, size, and sex composition 
of the  P a c i f i c  herr ing roe f i she ry  catch i n  Tomales and San Francisco Bays 
i n  1973. 
. 
S p r a t t  (1981) reported on d a t a  co l l ec ted  by sampling t h e  roe f i she ry  
catch from 1973 u n t i l  1980. This r e p o r t  provides a continuous t i m e  series 
of da ta  through the  1980-81 and 1981-82 seasons. 
METHODS 
Sampling 
I n  Tomales Bay he r r ing  samples were taken a t  Marshall, and i n  San 
Francisco Bay sampling was a t  Sausal i to .  Three samples were taken pe r  day 
i n  each bay during t h e  f i s h i n g  season when her r ing  were ava i l ab le .  A sample 
consisted of 2.3 kg '(5 l b s )  co l l ec ted  a s  t h e  vessel unloaded. 
A l l  samples were'processed i n  a f r e s h  condit ion soon a f t e r  they were 
col lec ted .  Laboratory procedures have remained unchanged s i n c e  the  f i she ry  
began i n  1973 (Sprat t  1981) . Every f i s h  i n  t h e  sample was weighed t o  the  
nea res t  0.1 g, measured i n  m i l l i m e t e r s  body length,  and sex and maturi ty 
were determined. Body length was used a s  t h e  u n i t  of measurement because the  
f leshy caudal peduncle of he r r ing  makes t h e  hypural p l a t e  d i f f i c u l t  t o  loca te .  
Body length was measured from the  t i p  of t h e  snout  t o  the end of t h e  s i l v e r y  
- p a r t  of the  body. Oto l i ths  w e r e  removed f o r  age determination and s to red  
i n  g e l a t i n  capsules. Ages were assigned by the  author using previously 
discussed c r i t e r i a  (Spra t t  1981). A l l  o t o l i t h s  were read twice before  f i n a l  
age determinations were made. 
RESULTS 
1980-81 Season 
A t ~ t a l  of 80 samples was co l l ec ted  t h i s  season and 729 ind iv tdua l  f i s h  
were processed. 
Age Composition 
The Tomales Bay g i l l  n e t  l andings  were dominated by 5- and 6-yr-old 
h e r r i n g  account ing  f o r  63% of t h e  ca t ch  by nunber and 66% by weight  (Table 1). 
. '  The o l d e r  age  c l a s s e s  (7  through 9) were s t r o n g l y  r ep re sen ted  and 
accounted f o r  24% of t h e  ca t ch  by number. Round h a u l  b o a t s  were e l imina ted  
. from t h e  f i s h e r y  s i n c e  1977'. S ince  then ,  t h e r e  has  been a s h i f t  from 6- 
and 7-yr-old h e r r i n g  i n  t h e  1977-78 season  ( S p r a t t  1981) t o  5- and 6-yr-old 
h e r r i n g  a s  t h e  dominant age c l a s s e s .  
The San Franc isco  Bay samples were sepa ra t ed  by gear  type:  round h a u l  
and g i l l  n e t s .  The round h a u l  c a t c h  was doniinated by 2- and 3-yr-old h e r r i n g  
accounting f o r  70% of t h e  c a t c h  by number and 60% by weight  (Table 1 ) .  I n  
t he  1979-80 and 1980-81 seasons ,  r ec ru i tmen t  w a s  above average  w i t h  2-yr-olds 
averaging 372 of the c a t c h  by number. The o l d e r  age c l a s s e s  (7 through 9) 
dec l ined  s l i g h t l y  from 6% i n  1979-80 t o  4% of  t h e  ca t ch  i n  1980-81. 
The San Franc isco  Bay g i l l  n e t  f i s h e r y  cont inues  t o  demonstrate  t h e  
s e l e c t i v e  na tu re  of g i l l  ne t s .  The g i l l  n e t  c a t c h  w a s  dominated by 5- and 
6-yr-old h e r r i n g ,  account ing  f o r  645: of  t h e  ca t ch  i n  both number and weight  
(Table 1) . Older  h e r r i n g  dec l ined  t h i s  s eascn  i n  t h e  round h a u l  c a t c h ,  b u t  i n  
the g i l l  n e t  f i s h e r y  7- through 9-yr-olds accounted f o r  20% of t h e  ca t ch ,  a 
s l i g h t  i n c r e a s e  o v e r  t he  1979-80 season  ( S p r a t t  1981).  
S i z e  Composition 
The average size and s i z e  range of h e r r i n g  i n  t h e  Tomales Bay ca t ch  de- 
c l i n e d  i n  the  1980-81 season .  The average s i z e  of 208 Thm BL i s  t h e  s m a l l e s t  
s i n c e  the f i s h e r y  was r e s t r i c t e d  t o  only  g i l l  n e t s  i h  1977 (Table 2 ) .  The 
.mean l e n g t h s  of i n d i v i d u a l  age groups d i d  n o t  d e c l i n e  (Table 3 ) ,  b u t  the age 
s t r u c t u r e  s h i f t e d  from 6- and 7-yr-olds t o  5- and 6-yr o l d s .  
The average size o f  h e r r i n g  taken i n  t h e  San Franc isco  Bay round h a u l  
and g i l l  n e t  f i s h e r i e s  a l s o  dec l ined  from t h e  1979-80 season.  The g i l l  n e t  
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catch  dropped 3 nrm to  205 urn BL and the round haul  catch dropped 2 nmr t o  
178 nnn 3L (Table 2).  In both the  round haul  and g i l l  n e t  f i s h e r i e s ,  the  mean 
l eng th  a t  age d i d  not  decl ine  (Tables 4 and 5) , but  the  o v e r a l l  age s t r u c t u r e  
s h i f t e d  t o  younger herr ing.  The round hau l  f i she ry  has been influenced by 
2 successive years of good recruitment. Spawnings were e a r l i e r  than normal i n  
' the 1980-81 season and resul ted  i n  the  g i l l  ne t  f i she ry  catching younger and 
smeller her r ing  which spawn l a t e  i n  the season. Both of these  f a c t o r s  contr i -  
bated t o  t h e  decrease i n  the average s i z e  of h e r r i n g . t h i s  season. 
The female t o  male numerical r a t i o  of the  Tomales Bay catch  averaged 
1: 1.1 i n  the  round haul  f i shery  from 1973 t o  1977 (Spra t t  1981). When the  
fishery was l imi ted  t o  only g i l l  n e t s  i n  1977, the  number of females i n  the  
ca tch  increased t o  a female t o  male r a t i o  of 1:0.6. The 1980-81 female to  
d e  sex  and biomass r a t i o s  w e r e  1:0.8 and 1 : O  .7, respect ively  (Table 6). 
The San Francisco Bay g i l l  n e t  catch was composed of a much higher  number 
of females wi th  a sex  r a t i o  of 1:05 by number and weight (Table 6) . The San 
Francisco Bay round haul  catch was composed of a r e l a t i v e l y  h igher  proport ion 
of m a l e s ,  with female to  mal-e sex  and biomass r a t i o s  of 1:O.g and 1:0.8, 
respect ively .  These r a t i o s  a r e  typ ica l  of the  San Francisco Bay catch.  
1981-82 Season 
A t o t a l  of 109 samples was co l l ec ted  t h i s  season and 935 individual  f i s h  
=re processed. 
Age Composition 
The Tomales Bay catch was dominated by three  s t rong age classes; 5-, 6-, 
d 7-yr-old herr ing accouted for  74% by number and 75X'by weight of catch 
(Table 7). The 1975 year c l a s s  (7-yr-olds) was one of the  s t r a n g e r  yea r  
classes t o  came through the  f i shery .  The 1976 year c l a s s  (6-yr-olds) was 
about normal i n  s t r eng th  while the 1977 year  c l a s s  (5-yr-olds) continues t o  
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be weak. The Tomales Bay gill. n e t  EJshery has been dominated by th ree  age 
classes wi th  annual f l u c t u a t i o n s  r e f l ec t i ng  r e l a t i v e  s t r e n g t h s ' o f  these  age 
c l a s s e s  (5, 6 and 7) the  pas t  four  seasons. 
The San Francisco Bay round hau l  f i she ry  was a l s o  dominated by th ree  age 
. c l a s ses ;  2-, 3-, and 4-yr-old h e r r i n g  accounted f o r  81% of the  catch by num- 
b e r  and 75% by weight (Table 7) .  The 1978 year  c l a s s  (4-yr-olds) is one of 
the s t r o n g e s t  yea r  c l a s s e s  s ince  t h e  f i s h e r y  began. The 1979 yea r  c l a s s  (3-yr- 
o lds )  is a l s o  s t rong ,  while the  1980 year  c l a s s  (2-yr-olds) appears t o  be 
about average. There has  been b e t t e r  than average recrui tment i n t o  the  f i s h e r y  
over the p a s t  3 years .  The weakest year  c l a s s  s i n c e  1972 was the  1977 year  
c l a s s ,  and r e l a t i v e  recrui tment  i n  1979 (Spra t t  1981) ind ica ted  t h a t  the  1977 
year  c l a s s  was abouf ha l f  the  s i z e  of the  s t ronger  year  c l a s s e s .  
The San Francisco Bay g i l l  n e t  ca tch  was dominated by 5- and 6-yr-old 
h e r r i n g  accounting f o r  60% by number and 59% by weight of  t h e  ca tch  (Table 7) .  
The o l d e r  age c la s ses  (7 through 9) a r e  s t i l l  we l l  represented  and comprised 
21% of t h e  ca tch  by number and 25% by weight.  For the  p a s t  four seasons,  5- 
and 6-yr-old he r r ing  have been the  dominant age c l a s s e s  i n  the  f i s h e r y ,  aver- 
aging 642 by number of the catch.  
S ize  Composition 
Tomales Bay h e r r i n g  averaged 211 mm BL and ranged i n  s i z e  from 176 t o  
. 
236 mm BL i n  the  1981-82 season (Table 2 ) .  The s t r e n g t h  of the  1975 year  
class (7-yr-olds) cont r ibuted  to  the  inc rease  i n  average s i z e  of he r r ing  t h i s  
year .  The mean length  of age c l a s s e s  (Table 8 )  shows qormal v a r i a t i o n .  
The mean length of the  San Francisco Bay round haul catch declined 
s l i g h t l y  t o  177 mm BL, b u t  i n  s i x  of the  p a s t  n ine  seasons t h e  round haul  
h e r r i n g  ca tch  has averaged 177 t o  178 mx BL (Table 2 ) .  The mean length  a t  
age of o l d e r  age c l a s s e s  decreased t h i s  season (Table 9 ) ,  probably due t o  
sampling v a r i a b i l i t y .  
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. The mean length of San Francisco Bay g i l l  ne t  catch declined t o  201 mm 
BL (Table 2) ,  the smal les t  average s i z e  since the g i l l  ne t  f i she ry  expanded 
i n  1977. The average length a t  age of he r r ing  i n  the g i l l  net catch (Table 10) 
has declined because smaller mesh nets are now being used l a t e  i n  the  season. 
When f i s h i n g  begins i n  December, 2-1/4-in. g i l l  n e t s  a r e  used, and midway 
through the  season fishermen switch t o  2-1/8-in. o r  2-in. n e t s  i n  order  t o  
catch the  smaller s i z e  herr ing t h a t  spawn l a t e  i n  the season. 
Sex Ratio 
The female to  male sex r a t i o  of the  Tomales Bay catch was 1:0.8 by number 
and 1:0.7 by weight (Table 6) .  I n  San Francisco Bay the  female t o  male sex  
r a t i o  w a s  computed from the g i l l  ne t  and round haul  f i s h e r i e s .  The round haul  
f i she ry  had equal numbers of females and males i n  the  ca tch  by number and 
the weight r a t i o  was 1:O.g (Table 6 ) .  The highes t  proport ion of males was 
taken i n  t h e  g i l l  ne t  f i she ry  s i n c e  1977, the female t o  male numerical and 
biomass r a t i o  w a s  1:0,8 and 1:0.7, respect ively  (Table 6) .  
CONCLUSION 
There is no indica t ion t h a t  the he r r ing  resource i n  Tomales o r  San 
Francisco Bays has experienced any det r imenta l  e f f e c t s  from the  he r r ing  roe  
f i she ry  which began i n  1973. The s i z e  and age of he r r ing  i n  t h e  San Francisco 
. Bay round haul f i she ry  has remained s t a b l e ;  the  decl ine  i n  the  average s i z e  
of t h e  g i l l  ne t  ca tch  is due to a change i n  mesh s i z e  of g i l l  ne t s .  The 
average s i z e  of herr ing i n  t h e  Tomales Bay catch has f luc tua ted  due t o  the 
timing of  the  f i she ry  i n  r e l a t i o n  to spawning'and changes i n  mesh of g i l l  ne t s .  
Ihe Tomales Bay f i she ry  exp lo i t s  three  year c l a s s e s  and the  San Francisco 
. 
Bay fishery exploits s i x  year c lasses ;  2-, 3-, and 4-yr-olds i n  the  round haul  
f i shery  and 5-, 6-, and 7-yr-olds i n  t h e  g i l l  n e t  f i shery .  Because each 
f i she ry  exp lo i t s  three  year c lasses ,  poor recruitment would be needed 2 ou t  
of 3 successive y e a r s  t o  s cve re ly  impact the f i s h e r y .  To d a t e ,  no year 
class fadJurcs have occurrrd and only one year  c l a s s ,  t h e  1 9 7 7 ,  w a s  
s i g n i f i c a n t l y  weaker than the. o t h e r s .  This monitor ing program w i l l  d e t e c t  
y e a r  c l a s s  f a i l u r e s  when they occur  and w i l l  make i t  p o s s i b l e  t o  p r e d i c t  
d e c l i n e s  i n  abundance so  t h a t  c a t c h  quotas  may be a d j u s t e d .  
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TABLE 1.. Age and Weight Composition of the 1980-81 Pacific Herring Roe 
Fishery Landings, by Area and Gear. 
Age (yeare) 
Tomales Bay 
G i l l  net 
Percent by number 
Percent by weight 
San Francisco Bay 
Round haul 
Percent by number 35 35 15 5 6 3 1 -  
Percent by weight 26 34 18 7 9 5 1 -  
San Francisco Bay 
G i l l  net 
Percent by number 
Percent by weight 
TABLE 2. Mean Length of P a c i f i c  Herring frpm t h e  Tamales and San Francisco Bay Roe F i s h e r i e s ,  
19 72-73 through 1981-82 Seasons, 
San Francisco Bay 
Tomales Bay G i l l  n e t  Round hau l  
Mean length  Size range Mean length  S ize  range Mean length  Size range 
1978-79 No samples 203 164-234 183 146-222 
-- 
*Tomales Bay was r e s t r i c t e d  t o  only g i l l  n e t s  i n  1977. 
TABLE 3, Length Frequency of Tomales Bay Herring G i l l  N e t  Cat*, 1980-81. 
Lm* Age (years) 
(mm BL) 1 2 3 4 5 6 7 8 9 
Number 
Mean 
length 
Standard 
deviation 
TABLE .4. Length Frequency of San Franc isco  Bay Round Haul Catch, 1980-81. 
Length Age (years )  
(mm BL) 1 2 3 4 5 6 7 8 9 
. 228 
226 1 
224 
222 
220 1 
218 
216 2 
214 1 1 
212 3 
2 10  
20 8 1 
206 1 1 
204 - 1 3 1 
202 1 1 
200 2 1 
1 9  8 1 1 
19 6 3 1 
194  3 2 
192 2 
190 3 
188 2 
186 
184 . 
' 182 
180 
178 3 
176 2 
174 2 
. 172 7 
170 7 
16 8 11 
166 9 
164 13 
16 2 1 2  
160 1 0  
15  8 8 
156 8 
15 4 2 
15 2 1 
. 150 1 
Number - 96 9 6 42 1 4  1 8  8 1 
Mean 
l e n g t h  - 164 176 188 197 202 213 210 
Standard 
d e v i a t i o n  - 6 5 4 4 8 8 - 
TABLE 5 .  Length Frequency of San Francisco Bay Gill Net Catch, 1980-81. 
Length Age (years) 
(m BL) 1. 2 3 4 5 6 7 8 9 
Number - - 6 3 8 9 3 82 40 12 3 
Mean 
length - - 181 192 202 210 216 220 223 
Standard 
deviation - - 8 5 6 5 6 8 11 
TABLE 6 .  Sex and Biomass (Weight) Ratios by Area for the 1980-81 and 
1981-82 Herring Roe Fisheries. 
Area 1980-81 1981-82 
Tomales Bay 
Sex ratio 
Biomass ratio 
San Francisco Bay gi1l .net  
Sex ratio 
Biomass ratio 
San Francisco Bay round haul 
Sex ratio 
Biomass ratio 
TABLE 7 .  Age and Weight Composition of the 1981-82 Pacific Herring Roe 
Ffshery Landings by Area and Gear. 
Age (years) 
2 3 4 5 6 7 8 9 
Tomales Bay 
G i l l  net 
Percent by number - 2 8 2 1 28 25 13 3 
Percent by weight - 1 6 2 2 27 26 14 4 
San Francisco Bay 
Round haul 
Percent by number 2 9 31 . 2 1 9 6 2 1 1 
Percent by weight 2 1 30 24 12 2 4 0.7 0.3 
San Francisco Bay 
Gill net 
Percent by number 1 3 15 31 2 9 15 5 1 
Percent by weight 0.5 2 13 29 30 18 7 0.5 
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TABLE 8. Length Frequency of Tomales Bay Herring Gill Net Catch, 1981-82. 
Length Age(years) 
(m BL) 1 2 3 4 5 6 7 8 9 
N u m b e r  - - 5 22 55 76 69 36 9 
Mean 
length - - 184 194 199 212 218 222 228 
Standard 
deviation - - 9 8 6 9 7 9 4 
TABLE 9. Length Frequency of San Francisco Bay Herr ing Round Haul Catch, 
1 9  81- 82. 
Length Age (years) 
(mm BL) 2 3 4 5 6 7 8 9 
226 1 
224 
222 
. 220 
218 
216 
2 14 
212 1 
210 1 2 1 
208 1 1 
206 1 1 
204 1 
202 1 1 1 
200 1 5 1 
19 8 4 5 1 
196 4 5 
194 3 4 1 
1 9  2 5 3 
19 0 6 4 
188 1 4 5 
186 5 1 2  3 
184 4 8 1 
182 6 11 1 
180 9 1 4  
178  9 5 
176 23  2 
174 9 
172 3 1 0  
170 1 3  1 9  
16 8 1 4  6 
16 6 8 4 
164 9 
16 2 11 
160 1 2  
15 8 8 
156 8 
1 5  4 3 
1 5  2 
150 2 
1 4  8 4 
Mean 
l e n g t h  163  175 184 192 199 208 207 210 
Standard , 
dev ia t ion  6 5 5 5 4 9 1 - 
TABLE 10. Length Frequency of San Francisco Bay Herring Gill N e t  Catch 1981-82. 
Length Age (years) 
(mm BL) 2 3 4 5 6 7 8 9 
Number 3 10 53 101 , 93 51 18  2 
Mean 
length 
Standard 
deviation 
